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(2) Potentials and Limitations to Ventilative Cooling 




?? ? ?????????? ? ???
????? ? ??? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ??(1-1) 
????
Awall ? ???? [m2] 
Cp ? ???? [J/kg?K]  
Ti ? ???? [K] 
To ? ???? [K] 
U ? ?????? [W/m2?K] 
mcool ? ????? [kg/s] 
qi ? ??????????? [W] 





Climate suitability statistics for adaptive thermal comfort cases (80% acceptability with 17? dew point limit) 
Direct cooling 
Combined internal gain 10W/m2 20W/m2 40W/m2 80W/m2
Los Angeles 
Ventilation rate 1.36ach?0.662 2.71ach?1.32 5.42ach?2.65 10.8ach?5.3 
%  Effective 93.8 93.8 93.8 93.8 
% Too cold 0 0 0 0 
% Too hot 0.331 0.331 0.331 0.331 
% Too humid 5.67 5.67 5.67 5.67 
?????
Artmann ? 19)? The daily climatic cooling potential(CCPd)???????????
???? ? ? ???????????? ? ????????
????
????????
? ? ?? ? ?????????? ? ?? ? ??????? ? ????????? ? ?? ? ?????? ? ? ? ? ??(1-2) 
????
tstart ? ?????????? [-] 
tend ? ?????????? [-] 
Ti ? ???? [K] 








(2)-2. Critical Limitations and Barriers to Ventilative Cooling 





??????????? 60dB ?????????????????????? 10-15dB ?
????????? 70dB?????????????????????
(2)-3. A review of Indices for long-term evaluation of thermal comfort conditions in buildings  
???????????????????????????????????????
???????????????
(3) Ventilative cooling in existing Energy Performance Regulations 














?Air flow Guiding Ventilation Components  
?Air flow Enhancing Ventilation Components and Building Elements  












? 1-3? ???????????????????? 23)
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??????????????????? 1-10 ????EN15251 ??????????
??????? Tcomf???????????
????? ? ?????? ? ????? ? ? ? ?????????????????????????????????????????????????????????????? ? ? ? ??(1-3) 
????
Tm ? ???????? [?] 
Category??? Tcomf  ±2??Category??? Tcomf ±3??Category??? Tcomf ±4?????
???????????
? 1-4? EN15251?????????? 51)
Category Explanation 
? High level of expectation only used for spaces occupied by very sensitive and 
fragile persons 
? Normal expectation for new buildings and renovations 
? A moderate expectation (used for existing buildings) 




? 1-10? EN15251??????????????? 51) 
??????????????
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No1. G???? ?????????? ? ??? 10,000 2 1 ???
No2. R???? ?????????? ? ??? 16,000 2 0 ???
No3. P???? ?????????? ? 2006 5,000 7 0 ???
No4. TB???? ?????????? ? 2006 17,000 6 0 ???
No5. T???? ?????????? ? 2004 30,000 7 0 ???
No6. K?????? ?????????? ? 2004 106,000 41 5 ???
No7. Y?????? ?????????? ???????????? 2004 14,000 7 1 ???
No8. M???? ?????????? ? 2004 19,000 4 1 ???
No9. S???? ?????????? ??? 2003 80,000 38 4 ???
No10. J???? ?????????? ? 2003 26,000 14 2 ???
No11. N???? ?????????? ???????????? 2003 131,000 32 4 ???
No12. S??? ?????????? ? 2003 10,000 6 0 ???
No13. KM???? ?????????? ? 2002 9,000 10 1 ???
No14. K???? ?????????? ? 1999 5,000 8 2 ???
No15. TK?????? ?????????? ? 1992 11,000 11 1 ???
No16. SP???? ?????????? ? ? 43,000 8 ? ???
No17. KA???? ?????????? ? ? 2001 ? 470 ? 2 ? 0 ???
No18. GC???? ?????????? ? 2004 1,100 4? ? ???
No19. NK???? ?????????? ? 1999 14,300 12 2 ???
No20. I?????? ???????????? ? 2002 160,000 45 2 ???
No21. KK?????? ???????????? ? 2002 33,000 19 2 ???
No22. M?????? ???????????? ? 2001 9,000 12 1 ???
No23. K???? ???????????? ????,???,?? 2000 69,000 24 2 ???
No24. KN???? ???????????? ? 1999 10,000 4 1 ???
No25. SI?????? ???????????? ? 1998 93,000 31 3 ???
No26. M?????? ???????????? ? 1989 137,000 25 3 ???
No27. K?? ?? ? 2006 10,000 5 0 ???
No28. WRPC?? ?? ? 2004 7,000 4 0 ???
No29. D?? ?? ? 2004 27,000 5 1 ???
No30. S?? ?? ? 2003 35,000 4 0 ????
No31. ??? ????? ?? ? 2003 ? 5 1 ???
No32. KH?? ?? ? 2003 42,000 6 0 ????
No33. N?? ?? ? 2002 10,000 7 1 ???
No34. ?????????? ?? ? 2001 10,000 4 1 ???
No35. K?? ?? ? 2001 35,000 4 0 ???
No36. R?? ?? ? 1998 52,000 23 3 ???
No37. I?? ??? ? 2002 104,000 20 2 ???
No38. K?? ??? ? 2001 12,000 4 0 ???
No39. A???? ??? ????,??? 2000 70,000 24 2 ???
No40. F???? ??? ? 2000 7,000 5 0 ???
No41. F??? ??? ???????????? 1999 24,000 3 1 ????
No42. T?????? ??? 1998 78,000 21 2 ???
No43. K?? ??? ? 1996 16,000 6 1 ???
No44. M?? ??? ? 4,700 3? ? 0 ???
No45. E??? ??? ? 2006 ? 53,400 7 0 ???
No46. IOC??? ??? 2004 8,000 3 0 ???
No47. K??? ??? ? 2003 23,000 7 0 ???
No48. K??? ??? 2000 7,000 4 0 ???
No49. I??? ??? ??? 1997 7,000 2 1 ????
No50. T??? ??? ? 2003 24,000 6? 2? ???
No51. ??? ??? ? 1998 6,000 4 0 ???
No52. A??? ?????? 2003 17,000 2 1 ???
No53. N??? ?????? ? 1997 120,000 6 0 ???
No54. O??? ?????? ? 1996 40,000 3 0 ???
No55. A???? ?????? ? 1996 76,000 3 1
No56. T??? ?????? ? ? 1985 ? 6,100 ? 1 ? 1 ???
No57. A??? ?????? ? ? 1990 ? 3,600 2 0 ???
No58. K?? ?? ? 2002 26,000 4 0 ???
No59. T?? ?? ? ? 2003 ? 7,000 ? 2 ? 0 ???
No60. S???? ???? ? 1993 123,000 5 2 ???
No61. ???????? ???? ? ? ? ? ?
No62. H?? ?? ? 1995 ? ? ? JAKARTA
No63. A???? ?? ? ? 2001 ? 160 ? 5 ? 0 ???
No64. S?????? ?????? ? 2002 4,000 2 0 ???
No65. AG??? ??? ? 2004 8,000 4 0 ???
No66. M??? ??? ? ? 2,000 1 1 ???
No67. N??? ??? ??? 2001 41,000 8 2 ???
No68. A??? ??? ? 1996 26,000 9 1 ???
No69. S ??????? TV????????? ? 2000 13,000 2 2 ???
No70. BH???? 10?????? ? 1999 5,000 2 1 ???
No71. KW???? ????? ?????????? 1997 11,000 2 1 ???





























? 2-4? ?????? ? 2-5? ???????





















































































??? ???? ??? ??? ??? ????? ??? ???
???
??? ??? ??
??? ?? ?? ??? ??? ?? ?? ?? ?? ?? ???
?
?????? ?????????????





























? ?????????????????????????? 2-4 ????????????
???????? 966??????????? 4?5?10?11??????? 9?00?18?00
????? 1080???????????????????????????





? 2-4   ????????????????














??? ????? ??????????? ???? ???????????? ? ? ???? ?????
??? ????? ??????????? ???? ???????????? ?? ??? ????
???? ????? ??????????? ???? ???????????? ? ? ? ? ????
??? ????? ??????????? ???? ???????????? ?? ??? ????
??? ????? ??????????? ???? ???????????? ? ? ? ? ????
???? ????? ??????????? ???? ????? ?? ??? ????
??? ????? ??????????? ???? ???????????????? ?? ??? ?????
??? ??????? ????????????? ???? ???????????? ?? ??? ?????
???? ??????? ????????????? ???? ???? ? ? ?????? ????
???? ??????? ????????????? ???? ???? ?? ???? ????
????? ??????? ????????????? ???? ???????????? ? ? ??? ????
???? ???? ???? ???? ???????? ???? ?? ????
???? ???? ???? ???? ?????????????? ???? ???? ?? ????
???? ???? ???? ????????????????? ? ? ??? ????
???? ???? ???? ???? ???????????? ?? ??? ????
???? ??? ??? ???? ???? ? ? ? ? ????
???? ??? ??? ???? ????????????????? ?? ? ? ?????
???? ??? ???? ???? ????????? ? ? ? ? ????
??????? ???? ???? ???? ? ? ??? ????
???? ????? ????? ???? ?????????????????? ? ? ??? ????
????? ????? ????? ???? ???????????????? ? ? ??? ?????
???? ???? ???? ???? ???? ?? ? ? ?????
???? ??? ??? ???????? ?????????????????? ? ? ???? ?????
???? ???? ??????? ???? ??????????? ? ? ? ? ????
???? ???? ??????? ???? ???????????? ? ? ? ? ????
???? ??? ??? ???? ????????????????? ?? ?? ?????
???? ???? ???? ???? ??????????????? ? ? ? ? ?????
? ?
??? ???? ???? ?????
???? ???? ??? ????
??? ???? ?????? ????




????????????????????????????  ?) ??????????????
????????????????????????????????? 15???????????
???????????????????????????????????????? 3??? 4?
























































































































































































































































































????? 1400?? ????????????? ???????????????? ??????????
??????????
?????? ????? ?
?? ? ?? ?? ? ?
???
? ? ? ? ? ? ????????
? ? ? ? ? ? ?????????????????????????????
? ? ? ? ? ? ????????
? ? ? ? ? ? ????????????????????
? ??????
?????? ??????? ?





?? ?? ?? ?? ? ?
???
465??
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500?? ??? ?? ???????? ?? ???????? ?? ???? ?? ???????????
? ??????
?????? ?????? ?
?? ?? ?? ?? ? ?
???
? ? ? ?????????? ?? ????? ?? ???????? ?? ???
? ? ? ? ? ? ? ? ? ? ?? ???????? ??????? ?? ????? ?? ???????
???
???? ???? ?? ??????? ?? ?????? ?? ?????
???
?????? ?????? ?
?? ? ?? ?? ? ?
???
500?? ???????? ?? ???? ?? ???? ?? ?????????? ?? ??????????
? ???
?????? ????? ?









? ????????????? 2-8 ????????????????????????






































































































































































































































































????? 7 4 3 2 1 2 4 0 
????? 3 2 3 0 2 1 0 2 
????? 4 1 0 2 0 1 1 0 
????? 3 1 0 0 1 3 0 0 
????? 2 2 8 0 0 0 0 4 
????? 18 1 9 12 1 3 2 1 



























































































































































































































































































































































































































































T???? ?????? ? ? ??????????? 2 0 0 0 0
??? ?????? ? ? ?????? 0 0 0 0 0 ??????
SI?????? ?????? ?? ? ??? 0 0 0 0 0 ?????????????????3???
S?? ?????? ? ? ??????????? 1??
I??? ????? ? ? ??????????? 4 0 0 0 0
Y?????? ?????? ? ? ??????????? 2 1 0 0 0
S???? ??????? ? ? ??? 2 0 0 0 0 ?????????3??
E??? ? ? ??????????????? 0 0 0 0 0 ??????
TB???? ?????? ? ? ??????????? 0 0 1 0 0
K??? ?????? ? ? ????????????????? 4 1 0 0 0
G???? ?????? ? ? ??????????? 0 0 0 0 0 ?????????2?????????
R???? ?????? ? ? ??????????? 0 0 0 0 0 ????????????????????????
K?? ?????? ? ? ??????????????? 0 0 0 0 0 ???1??
WRPC?? ????? ? ? ??????????? 3 0 1 0 0
M?????? ????? ?? ? ??? 0 0 0 0 0 ???????1????????????????3?
K???? ????? ? ? ??????????????? 2 0 0 0 0
KW???? ?????? ? ? ??????????????? 0 0 0 0 0 ?????????????????
A??? ?????? ? ? ??? 1 0 0 0 0 ?????1??
F??? ?????? ? ? ??????????? 2 1 0 0 0
AG??? ????? ? ? ??????????? 1 0 0 0 0
T?????? ?????? ?? ? ??????????? 1
N??? ??????? ? ? ?????????? 6 ?????
K?? ?????? ? ? ????
S??? ????? ? ? ??????????? 10 0 0 0 0
K?? ?????? ? ? ???????????????? 6 1
KK?????? ?????? ?? ? ??????????? 4 1
A??? ?????? ? ? ??????????? 1
















?????? ?????? ????????? ???? ?????? ??




























































































































??? 1.5×17=261 261/16490=1/63 
G???? 0.1×26=2.6 26/1100=1/450 
R???? 0.09×60=5.4 5.4/5000=1/1000 
M?????? 12×3=36 36/240=1/7 
K???? 0.076×110=8.69 8.69/865=1/100 
I?????? 0.032×45=1.44 
K???? 0.62×20=12.4 12.4/490=1/40 
F??? 42.5×4=170 170/6742=1/40 
M?????? 0.05×44=2.2 2.2/3100=1/143 
M?? 2×1=2 
A??? 0.832×12=9.98 
A???? 570×2=1140 1140/17000=1/15 
S??? 36.2×2=72.4 72.4/2560=1/36.6 
K?? 2×32=64 64/6000=1/100 
KN???? 1×47=47 47/2156=1/46 
KK?????? 0.75×4=3 3/1000=1/333 
A??? 3.4×32=109 109/4500=1/40 














???? ?????? ?????? ??????????? ??? ?????
???
???
? ??? ????? ????? ???? ?? ?????? ????
? ????? ????? ????? ????? ?? ????????? ????
? ????? ????? ????? ????? ?? ????????? ????
? ????? ????? ????? ????? ?? ????????? ????
? ??? ????? ????? ????? ?? ??????? ????
?? ????? ????? ????? ??????? ?? ????????? ????
? ??????? ????? ????? ?????? ?? ????????? ????
???? ??? ????? ????? ??????? ?? ??????????????
????
????
? ????? ????? ????? ?????? ?? ????????? ????
? ????? ????? ????? ??????? ?? ????????? ????
? ??????? ????? ????? ??????? ?? ?????? ????
? ??????? ????? ?????? ????? ??? ????????? ????
? ??? ???????????????????? ????? ???? ?? ???????? ????
? ???? ??????????????? ????? ???? ?? ???????? ????
? ??? ??????????????? ????? ???? ?? ????????? ????
? ???? ??????????????? ????? ???? ?? ??????? ????
? ???? ??????????????? ?????????????? ???? ?? ???????? ????
? ????? ??????????????? ?????????????? ??????? ?? ????????? ????
?? ??????? ??????????????? ?????????????? ????? ?? ??????? ????
??? ???? ??????????????? ?????????????? ???? ?? ???????? ????
? ??? ??????????????? ????????????? ???? ?? ????????? ????
? ??? ??????????????????????????? ?????????????
?????
???? ??? ?????? ????









































? ??? ???? ???? ???? 0 1 0 ??????
?????? ???? ?????? ??????? 0 1 0 
? ????? ???? ??????? ??????? 0 1 0 
? ????? ???? ??????? ??????? 0 1 0 
? ??? ???? ????? ????? 0 0 1 ??????
?? ????? ???? ??????? ??????? 0 0 1 ????
???????? ???? ??????? ??????? 0 1 0 
???? ??? ???????? ??????? ??????? 0 0 1 
??????
?????? ???? ??????? ??????? 1 0 0 ??????????????4???????
?????? ???? 0 1 0 
? ??????? ???? 0 1 0 
? ??????? ????? ???? ?????? 1 0 0 
? ??? ???? ????? 0 1 0 ??????????????
????? ???? ????? ???? 0 1 0 ??????????
???? ???? ????? ????? 1 0 0 ???????
????? ???? ??????  0 0 1 ???
????? ???? 0 0 1 ????????
?????? ???? 0 0 1 ?????????????
?? ??????? ???? ??????? ??????? 0 0 1 ?????????????
??? ???? ???? ????? ????? 0 0 1 ????????
???? ???? ????? ????? 0 1 0 
? ??? ????? ????? ????? 0 1 0 ????

















































































































































































































































































































































































































































































































































??????? 2005? 10????? 2006? 1??????
? ????????????? 2-16?????????????????????????
?????????????????????????????????????????










? 2-19? ????????? ?????
? 2-16? ????????????
??? ????????????????????????????????????



























































































































































































A ??? ???????????????? ? ? ? ? ? ? ? ? ? ? ? ?
B ???? ???????????????? ? ? ? ? ? ? ? ? ? ? ? ?
C ?? ??????????????????? ? ? ? ? ? ? ? ? ?
D ??? ???????????????????????? ? ? ? ?
E ???? ???????????????????????? ? ? ? ?
F ???
??????????????? ? ? ? ? ? ? ? ? ? ? ? ? ?
?????????????? ? ? ? ? ? ? ? ? ? ? ? ? ? ?
????????????? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ?
G ??? ???????????????? ? ? ? ? ? ? ? ? ? ? ? ?????????????? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ?
H ???? ????????????? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ?
I ???? ???????????? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ?
?? ??? ???? ? ??? ???? ????????????
?? ???? ????? ????? ??? ????
?? ????? ????? ? ??????????
?? ??? ? ? ??????????
?? ???? ???? ????? ???? ????
?? ????? ? ? ??? ????
?? ???? ? ? ??????????
?? ???? ???? ???? ??? ????
?? ????? ? ? ???? ????
?? ????? ???? ??? ?????? ????
?? ???? ???? ???? ????? ????
?? ????? ????? ????? ?????? ????
?? ????? ???? ???? ????? ????
?? ????? ???? ???? ????? ????
?? ??? ????? ????? ????? ????
?? ??? ????? ????? ?????? ????
?? ???? ???? ???? ????? ????
?? ??????? ???? ???? ????? ????
?? ??????? ???? ???? ????? ????










































































??? ??????? ?????? 28?<???? ? ?
???? ????????? × ?























?????????????? BEMS ??????????? 10 ???????????
???????????? 2-25???????? 1???????? 705????????



















































?? ? ? ?? ?? ?? ?? ?? ?? ?? ?? ??



















? 2-25? ?? A?????????????????
?? 2??

























































































































































































































































?? F?? 2005???? 10?? 5??????? 2-31???????????????

































































































G ??? 4 ?????????????????????????????????????
??? H?






























? 2-34? ?? I?????
? ????????

























































































?? I ?? D ?? E 
























































?????? ??????? ???? ??????? ?????????
?????? ???? ???? ???????????????? ?????????



























































































































































































?33 ??/51 ??????????????????32 ??/51 ??????????
?????
??????????????????????? 1 ??????? 3.4%????? 1













































































































































































































































2)? ??????????? CASBEE??? BP?2005.9 
3)? ????????????LIVE ENERGY?No.56-59 




6)    ??????????????????????????????????????
?????????????????? D-2?2002?pp.1045-1046?2002-06-30 
7)   ??????????????????????????????????????
? : ?????????????????????????? D?pp.835-836?1988 





































??????????????????? adaptive model ??????????????
?? 3)? degree hours????????????????????????????????
???????????? 4)????????????????????????????
?????????????? Natural ventilation potential (NVP)?????????????
































































































































































































? ?????? 3-1,3-2?????? 42???????????????????????
????????? 28 ?????????? 5 ?????????? 9 ????????
??????????? 1???? 2???? 23???? 7???? 5???? 2????
2??????????????????? 9???????????? 7???? 4??


























































































































































1 ? ???? ?? ?????? ?? ? ???????????? ? 12 23 ? ? ?
2 ? ???? ??? ?????? ? ? ??? 17 26 30 ? ? ? ?
3 ? ???? ?? ?????? ? ? ?? 25 ?? ? ? ? ?
4 ? ???? ?? ?????? ? ? ??? ? 15 20 20 26 ? ? ?
5 ? ???? ?? ????? ? ? ??? ? 12 26 20 28 ? ? ?
6 ? ???? ?? ?????? ? ? ?????????? ? 18 27 ? ? ? ?
7 ? ???? ?? ????? ? ? ?? ? 9 27 14 28 ? ? ?
8 ? ???? ?? ????? ? ? ??? ? 18 27 ? ? ? ?
9 ? ???? ?? ?????? ? ? ?????????? ? 19 21 24 26 ? ? ? ?
10 ? ???? ?? ????? ?? ? ???????????? 17 26 17 28 ? ? ?
11 ? ???? ?? ?????? ? ? ??? ? 18 ?? 20 28 ? ? ? ?
12 ? ???? ?? ?????? ? ? ??? ? ? 16 ?? 24 5 19.5 ? ? ? ?
13 ? ???? ?? ?????? ?? ? ??????? 15 25 15 ? ? ?
14 ? ???? ?? ?????? ? ? ?????????? ? ? 15 26 ???? ? ? ?
15 ? ???? ??? ?????? ?? ? ?????????? ? 15 ?? 19 ? ? ? ?
16 ? ???? ?? ?????? ? ? ??? ? ? 10 ?? 5 13 ? ? ? ?
17 ? ? ?? ?????? ? ? ?????????? ? 16 28 ? ? ? ?
18 ? ???? ?? ????? ? ? ?????????? ? ? 18 ?? 19 ? ? ? ? ?
19 ? ???? ?? ?????? ? ? ???????? ? 5 16 20 90 ? ?
20 ? ???? ?? ??????? ?? ? ???????????? ? ? 10 20 90 ? ?
21 ? ???? ?? ??????? ?? ? ???????????? ? ? ?? 90 ? ?
22 ? ???? ?? ?????? ? ? ???????????? 18 24 30 80 ?
23 ? ???? ??? ??????? ? ? ???? ? 15 25 25 25 ? ? ?
24 ? ???? ?? ?????? ? ? ??? 15 27 ? ? ?
25 ? ???? ?? ?????? ? ? ????????? 20 26 ? ?
26 ? ???? ?? ????? ? ? ?????????? ? 18 ?? 22 28 ? ? ?
27 ? ???? ?? ?????? ? ? ?? ? 15 20 17 22 ? ? ?
28 ? ???? ?? ?????? ? ? ?? 15 26 ? ?
29 ? ???? ?? ?????? ?? ? ??? ? 18 ?
30 ? ???? ?? ??????? ? ? ?????? ? ? ?
31 ? ???? ??? ????? ? ? ??? ? ? ?
32 ? ???? ?? ?????? ? ? ?????????? ? ? ? ?
33 ? ???? ?? ?????? ? ? ??????? 13 ? ? ?
34 ? ???? ?? ??????? ?? ? ???????????? ? 17 ? ? ?
35 ? ???? ?? ????? ?? ? ???????????? ? ? 18 26 80 ? ?
36 ? ???? ?? ?????? ? ? ??? ?
37 ? ???? ?? ?????? ?? ? ??? ? ? ?
38 ? ???? ?? ?????? ? ? ??? ? ? ?
39 ? ???? ?? ?????? ? ? ??? ? ? ?
40 ? ???? ?? ?????? ?? ? ???????????? ? 12 22 ? ? ? ?
41 ? ???? ?? ?????? ? ? ?????? ? ?
42 ? ? ?? ?????? ? ? ?????????? ? ?
??? 15 24 21 27 5 17 25 86








































1 ? ???? ?? ?????? ?? ? ???????????? 0:00 0:00 24???? t-h ?????
2 ? ???? ??? ?????? ? ? ??? 8:00 19:00 t-h ?????
3 ? ???? ?? ?????? ? ? ?? 9:00 17:30 t-h ?????
4 ? ???? ?? ?????? ? ? ??? 9:00 18:00 t-h ?????
5 ? ???? ?? ????? ? ? ??? 8:00 18:00 t-h ?????
6 ? ???? ?? ?????? ? ? ?????????? t-h ?????
7 ? ???? ?? ????? ? ? ?? 9:00 18:00 t-h ?????
8 ? ???? ?? ????? ? ? ??? t-h ?????
9 ? ???? ?? ?????? ? ? ?????????? 9:00 18:00 t-h ?????
10 ? ???? ?? ????? ?? ? ???????????? 8:00 21:00 t-x ?????
11 ? ???? ?? ?????? ? ? ??? 8:00 18:00 t-x ?????
12 ? ???? ?? ?????? ? ? ??? 6:00 22:00 ???????????????????????? t-x ?????
13 ? ???? ?? ?????? ?? ? ??????? 7:00 23:00 ?????????? t-x ?????
14 ? ???? ?? ?????? ? ? ?????????? ??????????? ???????? t-x ?????
15 ? ???? ??? ?????? ?? ? ?????????? ?????????? t-x ?????
16 ? ???? ?? ?????? ? ? ??? ?????????????????? t-x ?????
17 ? ? ?? ?????? ? ? ?????????? 8:00 18:00 t-x ?????
18 ? ???? ?? ????? ? ? ?????????? ?????????? t-x ?????
19 ? ???? ?? ?????? ? ? ???????? 8:30 17:10 t-h-? ????
20 ? ???? ?? ??????? ?? ? ???????????? ???????????????????? t-h-? ?????
21 ? ???? ?? ??????? ?? ? ???????????? ?????????????????????? t-h-? ?????
22 ? ???? ?? ?????? ? ? ???????????? t-h-? ?????
23 ? ???? ??? ??????? ? ? ???? 10:00 23:00 ??????? ? ?????
24 ? ???? ?? ?????? ? ? ??? 7:00 20:00 ????? ? ?????
25 ? ???? ?? ?????? ? ? ????????? ???5m/s?? ? ?????
26 ? ???? ?? ????? ? ? ?????????? ? ?????
27 ? ???? ?? ?????? ? ? ?? 7:00 21:00 ? ?????
28 ? ???? ?? ?????? ? ? ?? ? ? ? ?????
29 ? ???? ?? ?????? ?? ? ??? ???????????????????????????????????? ? ?????
30 ? ???? ?? ??????? ? ? ?????? ? ?????
31 ? ???? ??? ????? ? ? ??? ? ?????
32 ? ???? ?? ?????? ? ? ?????????? 0:00 0:00 24???? ? ?????
33 ? ???? ?? ?????? ? ? ??????? ?????????? ???? ?????
34 ? ???? ?? ??????? ?? ? ???????????? ?????????? ???? ?????
35 ? ???? ?? ????? ?? ? ???????????? ?????????? - ?????
36 ? ???? ?? ?????? ? ? ??? 8:00 18:00 ?????????? ? ?????
37 ? ???? ?? ?????? ?? ? ??? ?? ? ?????
38 ? ???? ?? ?????? ? ? ??? 9:00 21:00 ????? ? ?????
39 ? ???? ?? ?????? ? ? ??? ?????? ? ?????
40 ? ???? ?? ?????? ?? ? ???????????? 8:00 20:00 ???? ? ?????
41 ? ???? ?? ?????? ? ? ?????? ?? 40?????? ? ?????
















???? 26????????????????????????????? 12 ?????






























































??????????????????? t???????42??? 7??? t????












h ????????????????????????????????? Lt-h ????














? ????????????????????????????? 6 ???????????
??? 2 ?????????? 5????????????????????????? 4
?????????? 5?? 24?,30%RH ??????????? 5??????????
?????????????????????? 5??????????? 2 ??????
???????? 19??????????????????????? 26?,50%RH???
?? 15???????????? 3.4.7 ??????????????????????
19?????
? ???????????????????? 5 ?????????????????? 3
??20%RH? 1??30%RH? 1??????????????????????????
























































































???? ?? ???? ?? ????????




































3-4 ????(a)????????? 2006???? t-x ??????????????????
1995?2000 ?????? t ??h ???????????????????????(b)??
?????? t-h-? ????????????????????????????????
????????????????????????????????????????(c)














































































































































































































































??????????? 6 ????????????????????????? EA ?
????????25)???????? 1 ???????????????????????
?????????????????????????????????????????























????? 798??????????? 43.8%???????????? 15??? 26???
????? 30%?????????-????????? 77 ??????????????
?????? 80??????????-?,?,???-????? 125 ??????????
???????? 26?????????????? 52.9kJ/kg’???????-??????
? 27??????????? 1.5%????????? 15???????? 267??????
????? 14.6%???????????????????????????? 3-6 ????


















































































































































































??????????????h ??? 15????????? 267 ??????t ????



























































































































































































?????? ??? ?? ??? ???????
t-h ?? t-x ???????????????????????????????????
???????????????????????? t-h?? t-x????????????
??????????? 3-10????t-h?? 4??11????????? 5??????
??-?,???-???????? t-x???????????????????t-x?? 6??
9??10?????????????????? 19????????-???????? t-h





















































? EA ????????????????? 10??????????????????t-h
?? t-x ?????????????2001 ????? t-h ????????????????



























































































































































??????????????????????? 3-13 ????????????? 3-14
?????????? 5 ?? 10 ???????????????????????????



















?? ?? ?? ?? ??? ???
???? ???? ?????? ? ?? ?????




























??????? 3-15???????? 3-16????t-h????????????? 15??
? 18???????????????????? 25.6????? 249??????????
???????????????? 6.9???? 5.8??? 1.1?????????????
? 6 ????????????????? 26??? 27????????????????
??? 2%???? 19?????????????? 24????????????????
?? 6.8????? 66???????????????????? 6.9 ???? 6.3???
0.6 ????????????????????????????? 18?????????
????????????????
t-x?????????? 19??? 15?????????????????? 30?????
303??????????????????????? 6.7???? 5.6??? 1.1????
?????????????????????????????????????????
??????


























































































































































































































??????? ?? ??????? ?? ???????????
???? ???? ??????





























































































































































































































?????????????????? 2???? 5???? 4???? 2???? 1??




































































































































































2)  ???????????t-h??t-x??t-h-???t??h??Lt-h?? 6????????
?????????













5)  ??? EA???????????????????????????????????
???????????????????????????????????????
??????????????????????????????????????







7)  ?????????????????t ??h ???????????????????
??????????????15????????? 26??????????????
????????t-h-? ?? 6 ???????????????????????????
???????????????????????t-h ?? t-x ???????????
???????????????????????????????????????
????????????t-h ?? t-x ???????????????????????
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2/m2 ? 4-1 
??????????
?????????(1 ?) 0.078 ?/? ??0.66 23.0cm
2/m2 ? 4-1 
??????????
?????????(1 ?) 0.35 ?/?
?=0.6 
??? 55.0cm
2/m2 ? 4-1 
?????(1 ?) 1.2 ?/? ?=0.42 132.0cm2/m2 ? 4-1 
CASBEE Q1.4.2.2 
??? 4 ?? 50cm
2/m2 ? 28.9cm2/m2 ?? 4?
CASBEE Q1.4.2.2 
??? 5 ?? 100cm
2/m2 ? 57.8cm2/m2 ?? 4?









































































? 18.8m3/h?m2 ??????? 5?12??????????????????8:00?19:00?
???? ??????????????????????????
????
? 1,044 ???????????? 2,253 ?????????????????? 4-8 ???















































???? ???? ???? ??? ??? ??? ???
??? ??? ??? ??? ??




































































??? ??? ??? ??? ??? ???
??? ??? ??? ??? ??? ???











? ? ? ??????
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? ???????? ? ???
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Qi ?????????? [m3/s] 
Ti ?????? [K] 
? T ???????? [K] 
hNPL ??????????????? [m]?
hi ?????????????????? [m]?
hout ??????????????? [m] 
(?A)i ?????????????? [m2]?
(?A)out ??????????? [m2]?
? ?????? [kg/m3] 












?????????? 20.5m ??????? 5??????????????? 6.6Pa ??
????? 6.6Pa ??????? 1m/s ??????? 0.07Pa ??? 1%?????????

















































































? ? ? ??????
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Qi ?????????? [m3/s] 
 (?A)i ???????????????? [m2]?
(?A)out ????????????? [m2]?
d ??????????? [m]?





????4.4 ?????????????????????????????(?A)i ?? 4-5
?????????????? 4F ?????????????????????? 1.27%
?127cm2/m2?????????????130cm2/m2??????????????




?? ? ???? ?? ?
??? ?? ??????? ?? ???????
?? ???? ????? ????? ????????
?? ??????? ?
???? ? ?
? ?? ??? ??????? ????? ???? ? ???? ????
? ?? ??? ??????? ????? ???? ? ???? ????
? ?? ??? ??????? ???? ???? ? ???? ????
? ?? ??? ??????? ???? ???? ? ???? ????
? ?? ??? ? ????? ? ? ???? ?













































????????? ? ? ? ? ? ? ? ??(4-?) 
????(4-9)??????????????
????
q  ????????????? ? ? ? ? ?  [m3/h]
(?A)in?????????????????    [-] 
?P ?STEP??????????????? [Pa] 
???????????????
?????×2?????????????
??? ? ???????? ? ????????? ? ? ? ? ? ? ??(4-8) 
???????????????????????????
?????????Pw??(4-8)?????????????
?????????????P ???P?? 1?2 ??????
?
????
?Pw???????????????? ? ?  [Pa] 
C1 ????????? ? ? ? ? ? ? ? ?   [-] 
C2 ????????? ? ? ? ? ? ? ? ?   [-] 




































????????? ? ? ? ? ? ? ? ……(4-9 ??) 
????
q ????????????? 19,600m3/h 
? ?0.42 
?P ?STEP?????????? Pw? 1/2?3.76Pa?
??????????? A ???5.23 ?? ???????????????

































? ???????? ? ? ? ? ? ? ? ……(4-9 ??) 
????(4-9)???????????????
????
q  ????????????? ? ? ? ? ?  [m3/h] 
(?A)in?????????????????    [-] 






















??? ? ????????? ? ???????? ? ? ? ? ? ? ……(4-10) 
?????????Pg?????(4-10)??????
????
?Pg ????????????? ?  [Pa] 
H ?????? ? ? ? ? ? ? ? ?   [m] 
?out ??????? ? ? ? ? ? ? ? ?   [kg/m3] 
?in  ??????????????? ? ? ?   [kg/m3] 
???????????
???????? ?? 16?????? 26????????





















???? 24m ??? ?????? 0.4×H?0.4×24m×2/3?6.4?Pa?
???? 6.4Pa ??????? 0Pa ??????? 3.2Pa ????
STEP??????????
??????????????????????? 5 ??h ??????
?????????????? 1,400 ?×??? 2.8m×5 ??h?19,600m3/h 
STEP??????????????
????????????????
? ? ????????????????? ? ? ? ? ? ? ? ……(4-9 ??) 
????
q ????????????? 19,600m3/h 
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Sustainable utilization method based on the actual operation survey 
for natural ventilation systems 
Yoshihide YAMAMOTO 
  
This thesis described a sustainable utilization method for advanced natural ventilation systems combined 
with components, such as voids or solar chimneys, to promote effective natural ventilation. Natural 
ventilation has the potential to save energy in the intermediate seasons by reducing the cooling load and 
ventilation power consumption. As a means to realize a sustainable and resilient society, and as a strategy 
for zero-energy building (ZEB) and business continuity planning (BCP), natural ventilation systems have 
attracted increased attention. Natural ventilation building design is now experiencing more widespread 
application, even for large office buildings. 
In Japan, natural ventilation has been used actively since ancient times. However, it has been found that 
the sustainable utilization of natural ventilation in modern buildings with mechanical air-conditioning 
systems poses certain challenges. In certain cases, the use of natural ventilation has caused operational 
problems resulting in reduced energy saving performance. These problems may be caused by inappropriate 
control or system design. Previous studies have pointed out the existence of operational barriers to the 
sustainable utilization of natural ventilation, but up to now, a detailed fact-finding survey of natural 
ventilation has not been carried out. Furthermore, because commissioning is gaining attention as a system 
optimization method, it is important to optimize natural ventilation systems as an environmentally 
conscious method. With these considerations, the aim of this thesis is to determine the design and operation 
methods for the sustainable utilization of natural ventilation based on surveys of actual operation. Finally, 
the author put into practice the design and operation methods proposed in this thesis for the actual design 
projects of three buildings. 
This thesis consists of seven chapters, and the content of each chapter is described below. 




Chapter 2 described the results of a questionnaire survey and an interview survey conducted on MEP 
designers of existing naturally ventilated buildings to ascertain the actual operating conditions. In the survey, 
questionnaires were collected from a total of 72 buildings. In addition, a questionnaire survey for facility 
operators, interview survey, and actual operational data analysis were conducted on 19 buildings. The 
questionnaire consisted of questions on the building outline, system overview, design intention, 
understanding of the operation, and ideas to change the current state of the design of natural ventilation 
systems in Japan. The results of the questionnaire survey on facility operators provided details on the level 
of satisfaction of the facility operators with the natural ventilation systems, as well as claims regarding 
issues that had arisen and the resulting proceedings. There were many opinions from facility operators 
concerning management issues and the proceedings of claims that had arisen. In addition, there were 
tendencies for the operational problems and claims to differ depending on the method of control of natural 
ventilation openings. On the whole, the facility operators were satisfied with the natural ventilation systems. 
However, for the buildings in which the natural ventilation openings were automatically controlled, the 
degree of satisfaction with the variability of conditions for operating the ventilator was low. Furthermore, 
there was a tendency for the degree of satisfaction with claims handling, maintenance, and resolution of 
ventilator operation issues to be low. In addition, some facility operators were unclear as to the energy 
conservation benefits of the natural ventilation systems. Therefore, the fact that the energy saving benefits 
of the natural ventilation systems were not made clear seemed to cause negative responses to the claims. 
According to the actual operational data from the building energy management systems (BEMS), the 
operating time of the natural ventilation systems tended to decrease during the first and second years of 
operation after their installation. During the second and subsequent years of operations, the operating time 
of the natural ventilation systems remained at 58% of the operating time assumed at the design phase. 
A detailed hearing survey and measurement of noise levels were conducted on nine buildings. A total of 
16 barriers to the sustainable utilization of natural ventilation, such as “dust” and “invasion of insects,” 
came up from the results of the survey. The relationship between the countermeasure and the actual number 
of claims generated was clarified. The application of appropriate natural ventilation permission conditions 
was the most common countermeasure at the design phase, and measures such as the ventilation route 
design considering the chimney effect, ventilation opening performance, control method, and filtering were 
adopted. As a result of analyzing the relationship between the awareness of the designers regarding 
?????
potential claims and actual generated claims, it was clear that the designers had a low awareness of “noise 
from the outside” and “operating sound of the ventilation opening,” but that these claims actually occurred. 
In Chapter 3, the criteria of outdoor conditions for operating natural ventilation openings was studied. To 
achieve both energy savings and a comfortable indoor thermal environment, it is important to determine 
criteria for outdoor air conditions for introducing natural ventilation. In this chapter, the criteria for 
switching to natural ventilation was investigated for 42 buildings. Six different schemes were considered, 
labeled [t-h], [t-x], [t-h-?], [t], [h], and [Lt-h]. Each scheme was evaluated using reference weather data on 
the basis of three criteria: 1) total operating time, 2) average number of ventilator continuous opening hours 
per day, and 3) the quality of the outdoor air supply. For the six schemes tested, the total operating time 
varied from 972 to 1,278 h, and average number of ventilator opening hours per day was between 6.2 and 
8.3 h. Comparison of the calculation results with those based on data from the Japan Meteorological 
Agency from 2001 to 2013 revealed no significant differences in the total operating time or continuity. With 
regard to the trigger conditions, for the [t-x] scheme, changing the lowest outdoor temperature from 18 to 
15°C, had a significant effect, as did changing the highest dew point from 19 to 15°C for the [t-h-?] scheme. 
It was also found that the trigger condition for the relative humidity affected the total operating time during 
the night. In order to study regional differences, a further analysis was conducted using reference weather 
data for 20 cities in Japan. This revealed that the total operating time for Sapporo and Okinawa was shorter 
than for other cities.
In Chapter 4, the influence of the natural-ventilation opening area on the energy-saving performance of 
the natural ventilation system was described. Furthermore, methods for determining the required opening 
area from the adaptive room temperature range as well as the mid-season load characteristics using the heat 
balance equation are proposed.  
A proposal was made for a pre-estimate method using the ventilation opening area heat balance equation, 
and a simulation analysis using the BEST program was conducted. In determining the required opening area, 
the analysis results indicated the importance of the natural ventilation operating hours, load reduction, 
indoor thermal environment, and introduction of the outdoor air temperature. The BEST program 
simulation results indicated that the total operating hours of the natural ventilation system ranged from 602 
to 782 h. The natural ventilation system heat-load removal rate was from 35 to 85 MJ/m2. 
???? ???
????
The simulation results indicated the influence of the control method and system design on the total 
operating hours and heat-load removal rate of the natural ventilation system. In conclusion, a control 
method for natural and hybrid ventilation systems taking into account the natural ventilation opening area 
and operational issues arising from the use of natural and hybrid ventilation systems are presented. 
In Chapter 5, the simulation of the energy-saving performance of buoyancy-driven natural and hybrid 
ventilation systems was described, as well as design methods to achieve effective energy saving without the 
occurrence of operational problems. In Japan, many existing naturally ventilated buildings have a hybrid 
ventilation system for energy saving as well as providing a comfortable room thermal environment by 
supplementing the cooling of natural ventilation with that of air conditioners. However, the appropriate 
design method of hybrid ventilation systems has not been clarified. 
The simulation analysis of natural and hybrid ventilation systems was conducted using the BEST program. 
As for the standard office model, the reduction rate of the cooling load and energy consumption by natural 
ventilation were calculated, and the results showed that there was a significant difference between these. 
The main reason for this difference appears to be the low efficiency of the air conditioning system at partial 
cooling heat load. Therefore, it was found that in order to achieve further energy saving, it is effective to use 
an air conditioning system with a higher partial load efficiency, or to make the control stop the air 
conditioning system during natural ventilation. 
In Chapter 6, the author put into practice the design and operation methods proposed in this thesis for 
the actual design projects of three buildings. There was a case where appropriate operation was carried out 
by commissioning meeting which the designer, the owner and the facility operator attended, and the 
importance of commissioning in the operation stage was reconfirmed. 
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? 3-6?   ??????????????,???
? 3-7?   ??????????????,???
? 3-8?   ????????????????????????,???
? 3-9?   ???????????????????,???
? 3-10    ??????????????,???
? 3-11    ????????????????









? 3-1?   ?????????????????(1) 
? 3-2?   ?????????????????(2) 
? 3-3?   ?????????????
? 3-4?   ????????????
? 3-5      ???????
?
????
? 4-1?   ????????????
? 4-2?   ????????
? 4-3?   ??????
? 4-4?   ????????
? 4-5?   ???????
? 4-6      BEST???????????????????
? 4-7?   4???????
? 4-8  ? ???????????
? 4-9  ? ????????????????????
? 4-10    ????????????????????
? 4-11? ???????????????







? 4-19 ? ?????????????????
? 4-20? ?? 21??????????????????










? 4-29? ?A?????????????????? 26??
? 4-30? ??????????????????1b???
? 4-31? 1??????????????
? 4-32    ???????????????
? 4-33    ???????????????
? 4-34    ?????????????
? 4-35    ?????????????
? 4-36? ???????????????
? 4-37? ?????????????????????????
? 4-1?   ????????????????
? 4-2?   ????????????????
? 4-3?   ???????????????????
? 4-4?   ???????????
? 4-5?   ????????????????????????????
? 4-6?   ????
? 4-7  ? ???????????
? 4-8  ? ????????????




? 4-13 ? ??????
? 4-14? ?????????
????
? 5-1?   ???????????????
? 5-2?   ?????????????????
? 5-3?   ?????????????????????
? 5-4?   ?????????????????????
? 5-5?   ????????????
? 5-6     ????????????????
? 5-7?   ?????????
? 5-8?   ?????????




? 5-13   ???????????(CAV+????) 
? 5-14   ?????????????????




? 5-19   ????????????????
? 5-20? VAV????????????
????










? 5-1?   ????????? ??????
? 5-2?   ?????????????????? ??????
? 5-3?   ????
? 5-4?   ?????
? 5-5?   ???????
????









? 6-10   ???
? 6-11   ???
? 6-12   ?????????????
? 6-13   4F???????????????????
? 6-14   ???????????????????????
? 6-15   ????????????????????????????
? 6-16   ????????????????4?6??9?11?????
? 6-17   ????? 1??????????????
? 6-18   ????????
? 6-19   ????????????? 1??????????
? 6-20   ???????????????
? 6-21   ????????????????
? 6-22   ????????????
? 6-23   ????????(2013? 10?) 
? 6-24   ???????
? 6-25   ????? ?????????????
? 6-26   ?? 3??????????
? 6-27   ??? ?????????
? 6-28   ????? ?????????
? 6-29   ??????????
? 6-30   ????????????????
? 6-1? ????
? 6-2? ????????????????








? 6-9     10cm??????????????????????
? 6-10? ?? 2? ?????????
? 6-11  ?? 2??????????????
? 6-12  ??????????
? 6-13  ????
? 6-14  ????????????????
? 6-15  ?? 3? ?????????

























































































































































































































????? ????????????????? ???????????????? ??































?????? ??????? ????? ??????
???? ??? ??? ??
??????? ???? ????
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?????????????? ???? ?? ????????????????????
?????????????????????????????????????????????????
???????????????????????????????
?
?????? ??????????????????????????????? ?????????
?????????????
?
?????? ?????????????????????????????? ??????????
??????
